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SEMICONDUCTOR DEVICE WITH
LOW-CONDUCTING BURIED AND/OR
SURFACE LAYERS

REFERENCE TO RELATED APPLICATTONS

The current application claims the benefit of U.S. Provi-
sional Application No. 61/561,989, titled “Semiconductor
Device with Low-Conducting Burnied and Surface Layers,”
which was filed on 21 Nov. 2011, and which 1s hereby 1ncor-
porated by reference. Aspects of the current application also
are related to U.S. patent application Ser. No. 13/396,059,
titled “Semiconductor Device with Low-Conducting Field-
controlling Flement,” which was filed on 14 Feb. 2012, and
U.S. patent application Ser. No. 13/604,984, titled “Semicon-
ductor Device with Low-Conducting Field-controlling Ele-
ment,” which was filed on 6 Sep. 2012, both of which are
hereby incorporated by reference.

TECHNICAL FIELD

The disclosure relates generally to semiconductor devices,
and more particularly, to a semiconductor device including
one or more low-conducting layers.

BACKGROUND ART

The trapping of mobile carriers, 1.e., electrons and holes,
reduces the peak current, maximum operating frequency,
microwave power, and efficiency of a semiconductor device.
In many semiconductor devices, particularly in those made of
wide bandgap materials such as gallium nitride (GaN), gal-
lium phosphide (GaP), gallium arsenide (GaAs), indium
phosphide (InP), and/or the like, mobile carrier trapping
occurs due to the presence of various types of defects. Mobile
carrier trapping can occur in the bulk of the material as well as
at the device surface. Trapping occurring at the device surface
1s important in lateral devices, such as field effect transistors
(FETs) having an active channel located close to the device
surface.

Noise and interference are related 1ssues that can affect the
performance of a semiconductor device. Such noise and inter-
ference can be caused by a surface potential modulation
occurring due to noise sources, industrial equipment, power
lines, etc.

FIGS. 1A and 1B show illustrative heterostructure field
elfect transistors (HFETs) 2A and 2B, respectively, according
to the prior art. In the HFET 2A, the active heterostructure 1s
passivated using a passivation layer included over the gate G
and covering an entire spacing between the source S and drain
D. In the HFET 2B, a field plate electrically connected to the
gate G 1s also included above the passivation layer. Various
alternative configurations are possible. For example, an
HFET can include several field plates connected to different
clectrodes. In each case, the surface element(s) are included
to alleviate mobile carrier trapping and/or noise and interfer-
ence.

.

SUMMARY OF THE INVENTION

Aspects of the mnvention provide a device including one or
more low-conducting layers. A low-conducting layer can be
located below the channel and one or more attributes of the
low-conducting layer can be configured based on a minimum
target operating frequency of the device and a charge-dis-
charge time of a trapped charge targeted for removal by the
low-conducting layer or a maximum interfering frequency
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2

targeted for suppression using the low-conducting layer. For
example, a product of the lateral resistance and a capacitance

between the low-conducting layer and the channel can be
configured to be larger than an 1nverse of the minimum target
operating frequency and the product can be smaller than at
least one of: the charge-discharge time or an mverse of the
maximum interfering frequency.

A first aspect of the invention provides a device compris-
ing: a semiconductor structure including a channel; a set of
contacts to the channel; and a set of buried low-conducting
layers located below the channel 1n the semiconductor struc-
ture, wherein, for each buried low-conducting layer in the set
of buried low-conducting layers, a product of a lateral resis-
tance of the buried low-conducting layer and a capacitance
between the buried low-conducting layer and the channel 1s
larger than an inverse of a minimum target operating fre-
quency of the device and the product i1s smaller than at least
one of: a charge-discharge time of a trapped charge targeted
for removal by the buried low-conducting layer or an inverse
of a maximum interfering frequency targeted for suppression
using the buried low-conducting layer.

A second aspect of the mvention provides a field-effect
transistor comprising: a source contact, a drain contact, and a
device channel there between; a gate located on a surface side
of the device channel; and a set of buried low-conducting
layers located on a side opposite the surface side of the device
channel, wherein, for each buried low-conducting layer in the
set of buried low-conducting layers, a product of a lateral
resistance ol the buried low-conducting layer and a capaci-
tance between the buried low-conducting layer and the chan-
nel 1s larger than an mverse of a minimum target operating
frequency of the device and the product 1s smaller than at least
one of: a charge-discharge time of a trapped charge targeted
for removal by the buried low-conducting layer or an inverse
of a maximum interfering frequency targeted for suppression
using the buried low-conducting layer.

A third aspect of the invention provides a method compris-
ing: designing a semiconductor device including a channel, a
set of contacts to the channel, and a set of buried low-con-
ducting layers located below the channel in the semiconduc-
tor structure, wherein the designing the semiconductor device
includes: determining a mimmum target operating frequency
of the device; and for each buried low-conducting layer in the
set of buried low-conducting layers, determining a target
lateral resistance for the burnied low-conducting layer such
that a product of the target lateral resistance of the buried
low-conducting layer and a capacitance between the buried
low-conducting layer and the channel 1s larger than an inverse
of aminimum target operating frequency of the device and the
product 1s smaller than at least one of: a charge-discharge
time of a trapped charge targeted for removal by the buried
low-conducting layer or an inverse of a maximum interfering
frequency targeted for suppression using the buried low-con-
ducting layer; and designing each buried low-conducting
layer 1n the set of buried low-conducting layers based on the
corresponding target lateral resistance.

The illustrative aspects of the mvention are designed to
solve one or more of the problems herein described and/or
one or more other problems not discussed.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features of the disclosure will be more
readily understood from the following detailed description of
the various aspects of the invention taken in conjunction with
the accompanying drawings that depict various aspects of the
invention.
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FIGS. 1A and 1B show illustrative heterostructure field
elfect transistors according to the prior art.

FIG. 2 shows an illustrative device according to a previ-
ously disclosed solution.

FIGS. 3A-3D show illustrative semiconductor devices
according to embodiments.

FIG. 4 shows an 1llustrative flow diagram for fabricating a
circuit according to an embodiment.

It 1s noted that the drawings may not be to scale. The
drawings are intended to depict only typical aspects of the
invention, and therefore should not be considered as limiting
the scope of the mvention. In the drawings, like numbering
represents like elements between the drawings.

DETAILED DESCRIPTION OF THE INVENTION

In previously disclosed solutions described in U.S. patent
application Ser. No. 13/396,059 and U.S. patent application
Ser. No. 13/604,984, the inventors describe the use of one or
more surface layers of low-conducting field-controlling e¢le-
ments. For example, FIG. 2 shows an illustrative device 8
according to the previously disclosed solution. In the device
8, a set of low-conducting layers LCL 1s included, which
includes one or more layers electrically connected to the gate
G as well as the source S and/or the drain D. In the previously
disclosed solution, the low-conducting field-controlling ele-
ments are configured based on a minimal operating frequency
of the device and an 1nverse of a maximum control frequency
of the device. During operation of the device 8, the set of
low-conducting layers LCL can serve as a conduction path to
remove trapped charges, and therefore reduce the gate G
and/or drain D lags, which can be observed in group 111 nitride
HFETSs and other types of devices.

As 1ndicated above, aspects of the invention provide a
device including one or more low-conducting layers. A low-
conducting layer can be located below the channel and one or
more attributes of the low-conducting layer can be configured
based on a minimum target operating frequency of the device
and a charge-discharge time of a trapped charge targeted for
removal by the low-conducting layer or a maximum interter-
ing frequency targeted for suppression using the low-con-
ducting layer. For example, a product of the lateral resistance
and a capacitance between the low-conducting layer and the
channel can be configured to be larger than an inverse of the
mimmum target operating frequency and the product can be
smaller than at least one of: the charge-discharge time or an
inverse of the maximum interfering frequency. As used
herein, unless otherwise noted, the term “set” means one or
more (1.e., at least one) and the phrase “any solution™” means
any now known or later developed solution.

Returming to the drawings, FIGS. 3A-3D show illustrative
semiconductor devices 10A-10D, respectively, according to
embodiments. Each device 10A-10D 1s shown including a
substrate 12, an active layer 14A, 14B, a barrier layer 16, a
source contact 18A, a drain contact 18B, and a gate 20, each
of which can be manufactured and fabricated using any solu-
tion. The substrate 12 can be formed of any of various types of
compound semiconductor or dielectric materials, including
for example, sapphire, diamond, germanium (Ge), gallium
nitride (GaN), silicon, silicon carbide (S1C), gallium arsenic
(GaAs), and/or the like. Furthermore, the substrate 12 can
comprise a conducting and/or semiconducting substrate.

As 1llustrated, an mitiation layer 13 and a bufler layer 15
can be located between the substrate 12 and the active layer
14. However, it 1s understood that this 1s only illustrative of
various possible configurations, each of which can include or
not include the mmitiation layer 13 and/or the butler layer 15.
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4

Similarly, a device 10A-10D can include one or more addi-
tional layers, which are not shown. Regardless, the hetero-
structure of a device 10A-10D can include various layers
made from any of a plurality of materials systems. Further-
more, one or more of the layers 1n a heterostructure described
herein can include one or more attributes to alleviate strain.
For example, a layer can be formed of a superlattice structure.

In an embodiment, the substrate 12 1s formed of S1C, the
active layer 14 1s formed of gallium nitride (GaN), and the
barrier layer 16 1s formed of aluminum gallium nitride (Al-
GaN). However, 1t 1s understood that this 1s only illustrative of
various possible group III mitride based devices. To this
extent, layers 13,14, 15, 16 can be formed of any combination
ol various types of group III nitride materials comprising one
or more group III elements (e.g., boron (B), aluminum (Al),
gallium (Ga), and indium (In)) and nitrogen (N), such that
B, Al GaIn N, where 0=W, X, Y, Z<1, and W+X+Y+7=1.
[lustrative group I1I nitride materials include AIN, GaN, InN,
BN, AlGaN, AllnN, AIBN, InGaN, AlGalnN, AlGaBN,
AlInBN, and AlGalnBN with any molar fraction of group III
elements. Furthermore, it 1s understood that a device 10A-
10D can be formed from other semiconductor materials,
including other types of group 111-V materials, such as such as
GaAs, GaAlAs, InGaAs, indium phosphorus (InP), and/or the
like.

Additionally, each device 10A-10D 1s shown including a
buried low-conducting layer 22. The buried low-conducting
layer 22 1s located below the active region (e.g., a device
channel formed at an interface of the active layer 14B and the
barrier layer 16) within the device epitaxial structure in a
vicinity of the device channel, e.g., within a channel space-
charge region (generally within a distance of ten nanometers
to one micrometer from the device active region). As 1llus-
trated, the buried low-conducting layer 22 can extend under
all of the active region. However, 1t 1s understood that the
buried low-conducting layer 22 also can only extend under a
portion of the active region. Similarly, a device 10A-10D can
include any combination of multiple buried low-conducting
layers, each of which 1s located under a portion of the active
region. The buried low-conducting layer 22 can be electri-
cally connected and/or capacitively coupled to one or more of
the device contacts.

A resistivity of the buried low-conducting layer 22 can be
designed such that a characteristic time constant of the buried
low-conducting layer 22 1s lower than that of a trapped
charge, but much higher than a period of a signal correspond-
ing to a lowest target operating frequency for the device
10A-10D. In this manner, the buried low-conducting layer 22
can have a mimimal effect on the operating frequency of the
device, while being capable of removing the trapped charge.
Such a configuration can be beneficial, for example, 1n group
II1 nitride and other semiconductor materials in which a sig-
nificant amount of carriers may be trapped in the buffer layer
15 of the device heterostructure.

Devices 10B-10D also are shown including a set of surface
low-conducting layers (e.g., field-controlling elements) 24 A,
24B. As 1llustrated, a device 10B-10D can include a surface
low-conducting layer 24A located in the surface region
between the source contact 18A and the gate 20 (gate-source
region), and a surface low-conducting layer 24B located in
the surface region between the gate 20 and the drain contact
18B (gate-drainregion) of the device 10B-10D. However, 1t1s
understood that a device can include one or more surface
low-conducting layers 24 A, 24B located 1n any combination
of one or more of: the gate-source region; the gate-drain
region; the source-drain region; and/or the like. Furthermore,
a device can include a low-conducting layer that forms an
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additional contact or passivation layer. To this extent, a low-
conducting layer with low surface conductivity as described
herein can be used 1n addition to or instead of regular metal
clectrodes.

An embodiment of a device can comprise an insulated gate
configuration. To this extent, devices 10C, 10D also are
shown 1ncluding a gate insulating layer 26 located between
the gate 20 and the barrier layer 16. As illustrated, the gate
insulating layer 26 can extend across the entire region
between the source contact 18 A and the drain contact 18B. In
this case, the low-conducting layers 24A, 248 also can be
located on the gate insulating layer 26. Furthermore, the gate
20 also can be insulated from one or more of the low-con-
ducting layers 24A, 24B. For example, the device 10D 1s
shown including gate insulating walls 28A, 28B, each of
which 1solates the gate 20 from a corresponding low-conduct-
ing layer 24 A, 24B, respectively. The msulating layers 26,
28 A, 28B can be formed of any type of insulating material,
such as silicon dioxide (510,), silicon nitride (S1,N,),
hatnium oxide (H10O,), aluminum oxide (Al,O;), and/or the
like.

It 1s understood that the various device configurations
shown herein are only illustrative of numerous device con-
figurations possible. To this extent, a device can include more
or fewer layers having any of various configurations. For
example, a device can include an 1solation layer and/or a
passivation layer over some or all of the surface of the struc-
ture. Additionally, 1t 1s understood that the low-conducting
layers 22, 24 A-24B described herein can be implemented 1n
various types of field-effect transistors, including, for
example, a field-eflect transistor, a heterostructure field-ei-
fect transistor, an insulated gate field-eflect transistor, an
insulated gate heterostructure field-effect transistor, a mul-
tiple heterostructure field-effect transistor, a multiple hetero-
structure insulated gate field-effect transistor, an inverted
field-effect transistor, an inverted heterostructure field-eft

ect
transistor, an inverted insulated gate field-effect transistor, an
inverted msulated gate heterostructure field-etfect transistor,
an inverted multiple heterostructure field-effect transistor, an
inverted insulated gate multiple heterostructure field-etl

ect
transistor, and/or the like. Additionally, the low-conducting,
layer(s) can be implemented in other types of semiconductor
devices, including for example, a diode of any type, a semi-
conductor resistor, a semiconductor sensor, a light emitting
diode, a laser, an 1integrated element, and/or the like.

In any event, each low-conducting layer 22, 24A-24B can
be formed of a layer of any type of low-conducting material.
The low-conducting material can have a surface resistance
that 1s significantly higher than that of metal electrodes, but 1s
also much lower than that of a dielectric material. Similarly,
the low-conducting material can have a surface conductivity
that 1s significantly lower than that of metal electrodes, but 1s
also much higher than that of a dielectric material. As a resullt,
the associated characteristic charging-recharging time of the
low-conducting layer 22, 24 A-24B 1s much higher than that
of metal electrodes. To this extent, during operation of a
device 10A-10D at DC or low frequencies (e.g., below 10
megahertz (MHz)), typically used for pulse or sinusoidal
modulation, the low-conducting layers 22, 24A-24B will
behave similar to metal electrodes. However, during opera-
tion of the device 10A-10D at hagh (signal) frequencies, (e.g.,

typically exceeding 100 MHz) the low-conducting layers 22,
24A-24B will behave similar to an insulator, thereby not
deteriorating the device frequency performance. Illustrative
low-conducting materials include, for example: InGaN; a
semiconductor; a low-conducting dielectric single crystal; a
textured, poly-crystalline or amorphous material, a semi-
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metal material; oxides of nickel and other metals; composite
materials, such as aluminum oxide with embedded platinum;
and/or the like.

As described herein, 1n an embodiment, 1t 1s desired for
cach low-conducting layer 22, 24 A-24B to act as a conductor
(e.g., electrode) when the corresponding device 10A-10D 1s
operating at low frequencies. The low frequencies can corre-
spond to, for example, an 1inverse of the characteristic carrier
trapping/de-trapping times, a frequency at which interfering,
(e.g., noise, 1mterference, and/or the like) signals occur, a
highest frequency at which the interfering signals should be
suppressed, and/or the like. However, within a target device
operating frequency range, which includes much higher fre-
quencies (e.g., at least ten times higher) than the low frequen-
cies, each low-conducting layer 22, 24 A-24B can act as a
dielectric, thereby making only a minor increase 1n the total
clectrode area and, as a result, in the device capacitance.

In an embodiment, the design and configuration of each
low-conducting layer 22, 24 A-24B accounts for the charac-
teristic charging-discharging time of the low-conducting
layer 22, 24A-24B. For example, contrary to other
approaches, the design and configuration of the low-conduct-
ing layer 22, 24 A-24B identifies a range of acceptable lateral
and/or sheet resistances/conductances and/or a target lateral
and/or sheet resistance/conductance for a set of low-conduct-

ing layers 22, 24 A-24B included 1n a device 10A-10D based

on a target operating frequency (e.g., a mimimal operating
frequency), a characteristic charge-discharge time of a
trapped charge targeted for removal, a frequency targeted for
suppression (€.g., interfering frequency), and/or the like. In a
more particular example, a low-conducting layer 22, 24A-
248 1s configured to have a sheet conductivity such that an
associated characteristic charging-discharging time of the
low-conducting layer 22, 24 A-24B 1s much (e.g., at least ten
times) higher than an inverse of the minimal target operating,
frequency and much (e.g., at least ten times) lower than a
characteristic charge-discharge time of the trapped charge
targeted for removal and/or an 1nverse of the maximum inter-
fering frequency targeted for suppression. When a low-con-
ducting layer 22, 24 A-24B 1s configured in such a manner, the

low-conducting layer 22, 24 A-24B can normally behave as a
conducting layer at direct current or low frequencies, but as an
insulator within a target device operating frequency range,
therefore not deteriorating the device frequency performance.

The following discussion provides a theoretical basis for
determining an 1llustrative set of attributes of the device 10 A-
10D and the low-conducting layer 22, 24 A-24B as currently
understood by the inventors. As discussed herein, depending
on a target function, the low-conducting layer 22, 24 A, 24B
can be located 1n the gate-source, gate-drain, or source-drain
spacing, form an additional contact or passivation layer, be
formed on a surface of the heterostructure or buried within the
heterostructure, and/or the like. The following description
uses a low-conducting layer located in the source-drain
region of a group IlI-nitride based HFET as an 1illustrative
example.

In order for the low-conducting layer to not significantly
alfect a radio frequency (RF) performance (e.g., impedance)
of the device, a corresponding time constant for the low-
conducting layer, T,., must be much larger than 1/(2m1),
where 1 1s the target operating frequency for the device. The
time constant for the low-conducting layer can be expressed
as T, ~R; - C;~ where R, . 1s the lateral resistance of the
low-conducting layer measured 1n a direction of the current
flow 1n the device along the surface of the low-conducting
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layer and C, - 1s the total capacitance between the low-con-
ducting layer and the device channel. This yields the follow-
ing condition:

T o Ry o Cp > 1 (2af) (1)

Assuming T, 1s at least approximately six times (27 times)
greater than 1/(2mtt), the condition (1) can be rewritten as:

T c=RpcCre>lif (2)

As used herein, the lateral resistance of the low-conducting,
layer, R, ., 1s related to the low-conducting layer sheet resis-
tance, R, <z, as:

R; c=Rycsp"L/IW (2a)

where L and W are the length and width, respectively, of the
low-conducting layer with respect to a direction of the current
flow 1n the device.

Furthermore, the low-conducting layer should be sufifi-
ciently fast to allow for de-trapping of trapped carriers and/or
screening interfering signals. Assuming a maximum de-trap-
ping or interfering frequency, { -, and following the derivation
that led to condition (2) above, the required T, .~ also should
meet the following condition:

T <l (3)

As an example, for practical purposes and material selection,
in order to meet both conditions (2) and (3), the value of the
T, can be selected as follows:

T =l (xfe) (4)

As an illustrative example, assume a field effect transistor
has the following attributes: a source to drain distance, L=>5
um; a gate-channel separation (also equal to the surface low-
conducting layer-channel separation), d=20 nm; a channel
width, W=1 mm; a relative dielectric permittivity of the mate-
rial between the low-conducting layer and the channel, € =9;
a target operating frequency, =1 GHz; a characteristic carrier
trapping time t,,=0.16 us; and a corresponding de-trapping,
frequency f.~1 MHz. The low-conducting layer-channel
capacitance can be calculated as, C, —~=,&,L*W/d=20 pF,
where &, 1s vacuum permittivity. From equation (2), the low-
conducting layer resistance R, .~t, /C, ..

Using the above-described attributes and equations, values
tor R, which provide the corresponding desired time con-
stant for the low-conducting layer, T, ., can be derived. For
example, T; ~ can be configured to be greater than an inverse
of the target operating frequency, e.g., greater than 1/1 GHz
and less than an inverse of the de-trapping frequency, e.g., less
than 1/1 MHz. Solving for R, ., the R, . can be between
R; amv=1.6 k€2/sq and R; -, ,+=1.6 M£2/sq. As discussed
herein, the T, . can be much larger than the inverse of the
target operating frequency of the device and much smaller
than the inverse of the de-trapping frequency. A target value
of R, between the R, ., and R, ., values can be
selected based on the application of the corresponding device.
In an embodiment, a target (e.g., optimal) value for R, .,
R;~ o»7 Can be calculated using the formula: R, ~ 5,/
VR, ey Ry cngan Inthis case, using the R, -, ,-and R, -,

calculated above, the target value for R, in the device
described herein 1s approximately 50.6 k£2/sq.

Inclusion of one or more low-conducting layers described
herein can provide one or more improvements to the opera-
tion of the device. For example, inclusion of a low-conducting,
layer 24B 1n the gate-drain spacing on the surface of the
device 10B-10D can remove surface trapped charges within
that spacing. Furthermore, inclusion of a set of low-conduct-
ing layers 24 A, 24B over substantially an entire source-drain
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spacing on the surface of the device 10B-10D can remove the
surface trapped charges as well as screen the active region
from surface potential modulation caused by interfering
sources. Additionally, inclusion of a buried low-conducting
layer 22 can remove the bulk trapped charges 1n the corre-
sponding region (e.g., across substantially an entire length of
the channel) of the device 10A-10D. As a result, a device
10A-10D including one or more of the low-conducting layers
22, 24 A-24B described herein can have an increased operat-
ing frequency, power, and/or efficiency over existing devices
that do not include any low-conducting layers. Similarly, a
device 10 A-10D including one or more of the low-conducting
layers 22, 24 A-24B described herein can be more resistant to
interfering signals, the impact of which can be reduced due to
the presence of one or more of the low-conducting layers 22,
24A-24B described herein.

One or more aspects of a semiconductor device described
herein can be designed using any solution. For example, the
materials, dimensions, layer structure, and/or the like, can be
selected and configured according to a target set of device
operating properties using any solution. As part of designing
the semiconductor device, one or more low-conducting layers
can be designed as described herein. For example, a minimum
target operating frequency for the semiconductor device can
be determined. Subsequently, a target lateral resistance for the
low-conducting layer can be determined such that a product
of the target lateral resistance and a capacitance between the
low-conducting layer and the device channel 1s larger than an
inverse ol the mimmum target operating frequency of the
device and the product 1s smaller than at least one of: a
charge-discharge time of a trapped charge targeted for
removal by the low-conducting layer or an inverse of a maxi-
mum interfering frequency targeted for suppression using the
low-conducting layer. The low-conducting layer can then be
designed based on the corresponding target lateral resistance,
¢.g., amaterial for the low-conducting layer can be selected to
provide a lateral resistance approximately equal to the target
lateral resistance.

It 1s understood that the various semiconductor devices
described herein can be manufactured using any solution. For
example, a device heterostructure can be formed using any
solution, e.g., by obtaining (e.g., forming, preparing, acquir-
ing, and/or the like) a substrate 12, forming (e.g., growing,
depositing, adhering, and/or the like) an iitiation layer 13
and/or a buifer layer 15 thereon, forming an active layer 14
thereon, and forming a barrier layer 16 on the active layer 14.
Additionally, metal electrode(s), dielectric layer(s), and/or
the like, can be formed on the device heterostructure using
any solution. Furthermore, as described herein, the manufac-
ture of the device can include the formation of one or more
low-conducting layers using any solution. It 1s understood
that the manufacture of a device described herein can include
additional processing, including for example: the deposition
and removal of a temporary layer, such as mask layer; the
patterning one or more layers; the formation of one or more
additional layers/contacts not shown; application to a sub-
mount (e.g., via contact pads); and/or the like.

While shown and described herein as a method of design-
ing and/or fabricating a semiconductor device, it 1s under-
stood that aspects of the imvention further provide various
alternative embodiments. For example, in one embodiment,
the imvention provides a method of designing and/or fabricat-
ing a circuit that includes one or more of the semiconductor
devices designed and fabricated as described herein.

To this extent, FIG. 4 shows an illustrative flow diagram for
fabricating a circuit 126 according to an embodiment. Ini-
tially, auser can utilize a device design system 110 to generate
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a device design 112 for a semiconductor device as described
herein. The device design 112 can comprise program code,
which can be used by a device fabrication system 114 to
generate a set of physical devices 116 according to the fea-
tures defined by the device design 112. Similarly, the device
design 112 can be provided to a circuit design system 120
(e.g., as an available component for use in circuits), which a
user can utilize to generate a circuit design 122 (e.g., by
connecting one or more mmputs and outputs to various devices
included in a circuit). The circuit design 122 can comprise
program code that includes a device designed as described
herein. In any event, the circuit design 122 and/or one or more
physical devices 116 can be provided to a circuit fabrication
system 124, which can generate a physical circuit 126 accord-
ing to the circuit design 122. The physical circuit 126 can
include one or more devices 116 designed as described
herein.

In another embodiment, the mvention provides a device
design system 110 for designing and/or a device fabrication
system 114 for fabricating a semiconductor device 116 as
described herein. In this case, the system 110, 114 can com-
prise a general purpose computing device, which 1s pro-
grammed to implement a method of designing and/or fabri-
cating the semiconductor device 116 as described herein.
Similarly, an embodiment of the invention provides a circuit
design system 120 for designing and/or a circuit fabrication
system 124 for fabricating a circuit 126 that includes at least
one device 116 designed and/or fabricated as described
herein. In this case, the system 120, 124 can comprise a
general purpose computing device, which 1s programmed to
implement a method of designing and/or fabricating the cir-
cuit 126 including at least one semiconductor device 116 as
described herein.

In still another embodiment, the invention provides a com-
puter program fixed in at least one computer-readable
medium, which when executed, enables a computer system to
implement a method of designing and/or fabricating a semi-
conductor device as described herein. For example, the com-
puter program can enable the device design system 110 to
generate the device design 112 as described herein. To this
extent, the computer-readable medium 1includes program
code, which implements some or all of a process described
herein when executed by the computer system. It 1s under-
stood that the term “computer-readable medium”™ comprises
one or more ol any type of tangible medium of expression,
now known or later developed, from which a stored copy of
the program code can be perceived, reproduced, or otherwise
communicated by a computing device.

In another embodiment, the invention provides a method of
providing a copy of program code, which implements some
or all of a process described herein when executed by a
computer system. In this case, a computer system can process
a copy of the program code to generate and transmit, for
reception at a second, distinct location, a set of data signals
that has one or more of 1ts characteristics set and/or changed
in such a manner as to encode a copy of the program code 1n
the set of data signals. Similarly, an embodiment of the inven-
tion provides a method of acquiring a copy of program code
that implements some or all of a process described herein,
which includes a computer system receiving the set of data
signals described herein, and translating the set of data signals
into a copy of the computer program fixed in at least one
computer-readable medium. In either case, the set of data
signals can be transmitted/received using any type of com-
munications link.

In still another embodiment, the mvention provides a
method of generating a device design system 110 for design-
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ing and/or a device fabrication system 114 for fabricating a
semiconductor device as described herein. In this case, a
computer system can be obtained (e.g., created, maintained,
made available, etc.) and one or more components for per-
forming a process described herein can be obtained (e.g.,
created, purchased, used, modified, etc.) and deployed to the
computer system. To this extent, the deployment can com-
prise one or more of: (1) installing program code on a com-
puting device; (2) adding one or more computing and/or I/O
devices to the computer system; (3) mcorporating and/or
moditying the computer system to enable it to perform a
process described herein; and/or the like.

The foregoing description of various aspects of the inven-
tion has been presented for purposes of illustration and
description. It 1s not intended to be exhaustive or to limit the
invention to the precise form disclosed, and obviously, many
modifications and variations are possible. Such modifications
and variations that may be apparent to an individual 1n the art

are included within the scope of the invention as defined by
the accompanying claims.

What 1s claimed 1s:

1. A device comprising;:

a semiconductor structure including a channel;

a set of contacts to the channel; and

a set of buried low-conducting layers located below the

channel in the semiconductor structure, wherein, for
cach buried low-conducting layer 1n the set of buried
low-conducting layers, a product of a lateral resistance
of the buried low-conducting layer and a capacitance
between the buried low-conducting layer and the chan-
nel 1s larger than an mverse of a mimimum target oper-
ating frequency of the device and the product 1s smaller
than at least one of: a charge-discharge time of a trapped
charge targeted for removal by the buried low-conduct-
ing layer or an mverse of a maximum interfering fre-
quency targeted for suppression using the buried low-
conducting layer.

2. The device of claim 1, wherein each buried low-conduct-
ing layer in the set of buried low-conducting layers 1s formed
of one of: a semiconductor material; a semimetal material; or
a dielectric material.

3. Thedevice of claim 1, further comprising a set of surface
low-conducting layers located above the channel, wherein,
for each surface low-conducting layer in the set of surface
low-conducting layers, a product of a lateral resistance of the
surface low-conducting layer and a capacitance between the
surface low-conducting layer and the channel is larger than
the mverse of the minimum target operating frequency of the
device and the product of the lateral resistance of the surface
low-conducting layer and the capacitance between the sur-
tace low-conducting layer and the channel 1s smaller than at
least one of: a charge-discharge time of a trapped charge
targeted for removal by the surface low-conducting layer or
an 1nverse ol a maximum interfering frequency targeted for
suppression using the surface low-conducting layer.

4. The device of claim 3, wherein each of the set of buried
low-conducting layers and the set of surface low-conducting
layers covers substantially all of an area corresponding to the
channel.

5. The device of claim 3, wherein at least one of the set of
surface low-conducting layers 1s at least partially 1solated
from the semiconductor by an 1solation layer having a sheet
resistance at least an order of magnitude higher than a sheet
resistance of the at least one of the set of surface low-con-
ducting layers.
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6. The device of claim 1, wherein at least one of the set of
buried low-conducting layers forms at least one of: a passi-
vation layer or a strain relieving layer.

7. The device of claim 1, wherein the semiconductor 1s
formed of one of: silicon, silicon carbide, or a group III-V
material.

8. The device of claim 1, wherein the semiconductor 1s
tformed of a group III nitride material.

9. The device of claim 1, wherein the device 1s configured
to operate as a field-etiect transistor.

10. A field-effect transistor comprising:

a source contact, a drain contact, and a device channel there

between:

a gate located on a surface side of the device channel; and

a set of buried low-conducting layers located on a side
opposite the surface side of the device channel, wherein,
for each buried low-conducting layer in the set of buried
low-conducting layers, a product of a lateral resistance
of the buried low-conducting layer and a capacitance
between the buried low-conducting layer and the chan-
nel 1s larger than an mverse of a mimmimum target oper-
ating frequency of the device and the product 1s smaller
than at least one of: a charge-discharge time of a trapped
charge targeted for removal by the buried low-conduct-
ing layer or an inverse of a maximum interfering fre-
quency targeted for suppression using the buried low-
conducting layer.

11. The transistor of claim 10, wherein each buried low-
conducting layer in the set of buried low-conducting layers 1s
formed of one of: a semiconductor material; a semimetal
material; or a dielectric material.

12. The transistor of claim 10, further comprising a set of
surface low-conducting layers located above the channel,
wherein, for each surface low-conducting layer in the set of
surface low-conducting layers, a product of a lateral resis-
tance of the surface low-conducting layer and a capacitance
between the surface low-conducting layer and the channel 1s
larger than the inverse of the minimum target operating fre-
quency of the device and the product of the lateral resistance
of the surface low-conducting layer and the capacitance
between the surface low-conducting layer and the channel 1s
smaller than at least one of: a charge-discharge time of a
trapped charge targeted for removal by the surface low-con-
ducting layer or an inverse ol a maximum interfering fre-
quency targeted for suppression using the surface low-con-
ducting layer.

13. The transistor of claim 12, wherein each of the set of
buried low-conducting layers and the set of surface low-
conducting layers covers substantially all of an area corre-
sponding to the channel.

14. The transistor of claim 12, wherein at least one of the set
ol surface low-conducting layers 1s at least partially 1solated
from the semiconductor by an 1solation layer having a sheet
resistance at least an order of magnitude higher than a sheet
resistance of the at least one of the set of surface low-con-
ducting layers.

15. A method comprising;:

designing a semiconductor device including a channel, a
set of contacts to the channel, and a set of buried low-
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conducting layers located below the channel in the semi-

conductor structure, wherein the designing the semicon-

ductor device includes:

determining a mimmimum target operating frequency of
the device; and

for each buried low-conducting layer in the set of buried
low-conducting layers, determining a target lateral
resistance for the buried low-conducting layer such
that a product of the target lateral resistance of the
buried low-conducting layer and a capacitance
between the buried low-conducting layer and the
channel 1s larger than an inverse of a minimum target
operating frequency of the device and the product 1s
smaller than at least one of: a charge-discharge time of
a trapped charge targeted for removal by the buried
low-conducting layer or an inverse of a maximum
interfering frequency targeted for suppression using
the buried low-conducting layer; and

designing each buried low-conducting layer in the set of
buried low-conducting layers based on the corre-
sponding target lateral resistance.

16. The method of claim 15, wherein the designing each
buried low-conducting layer includes selecting a material for
the buried low-conducting layer based on the target lateral
resistance.

17. The method of claim 15, wherein the semiconductor
device turther includes a set of surface low-conducting layers,
and wherein the designing the semiconductor device further
includes:

for each surface low-conducting layer in the set of surface

low-conducting layers, determining a target lateral resis-
tance for the surface low-conducting layer such that a
product of a lateral resistance of the surface low-con-
ducting layer and a capacitance between the surface
low-conducting layer and the channel 1s larger than the
iverse ol the minimum target operating {requency of
the device and the product of the lateral resistance of the
surface low-conducting layer and the capacitance
between the surface low-conducting layer and the chan-
nel 1s smaller than at least one of: a charge-discharge
time of a trapped charge targeted for removal by the
surface low-conducting layer or an mverse ol a maxi-
mum 1interfering frequency targeted for suppression
using the surface low-conducting layer; and

designing each surface low-conducting layer in the set of

surface low-conducting layers based on the correspond-
ing target lateral resistance.

18. The method of claim 17, wherein each of the set of
buried low-conducting layers and the set of surface low-
conducting layers covers substantially all of an area corre-
sponding to the channel.

19. The method of claim 17, wherein at least one of the set
of surface low-conducting layers 1s at least partially 1solated
from the semiconductor by an 1solation layer having a sheet
resistance at least an order of magnitude higher than a sheet
resistance of the at least one of the set of surface low-con-
ducting layers.

20. The method of claim 15, wherein the device 1s config-
ured to operate as a field-efiect transistor.
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